In Japan, the recycling rate of waste textiles, especially waste clothing, remains low. The more complex the textile structure, the more difficult it is to recycle by classification into raw materials. This study investigates the reduction of the final disposal volume of waste textiles based on colour. We examined valid colour combinations for recycling waste textiles when separated according to these criteria. Further, we employed the waste coloured cotton thread. Colours similar to principal hues from the Munsell Color System were used as the fundamental colour for specimens. We focused on hues in this study and prepared 45 specimens of shoddy by mixing two coloured cotton threads according to the ratios of 25 : 75, 50 : 50, and 75 : 25 by weight. We prepared specimens that were then examined with sensory evaluation and colorimetry. As a result, we were able to determine the colour combinations that had high and low favorable ratings. The findings indicated that an interior angle within 85°on the Munsell color circle was a key feature for a high favorable rating. Therefore, it is possible to produce a product with a high favorable rating by mixing waste coloured textiles that are positioned within 85°on the Munsell color circle.
Introduction
Currently in Japan, the recycling rate of waste textiles remains low. The reported recycling rate of waste textiles is at about 20% of the total waste generated. In conventional textile recycling systems, some of the waste is reused as second-hand clothing with the other classified materials recycled as industrial materials. There is a shortfall in utilizing an effective recycling system for waste textiles.
There are a number of reasons for the low recycling rate of waste textiles. There are associated with the general consumed textiles being composed of various materials such as cotton, wool, rayon, polyester, nylon etc., making it difficult to separate the waste textiles according to the individual material types. Moreover, the complex structure of general textiles introduces further impediments to recycling. Another factor contributing to the low recycling rate of waste textiles is the mixture of the various types of materials where in many cases the tags allowing material identification are faded or have been lost. Generally, the colour of textiles is not considered when the consumed fiber is converted into shoddy for recycling. Therefore the colour of the shoddy is a dark greyish colour, which only has a limited suitability for industrial use, and is generally unsuitable for use as general products.
To increase the recycling rate of waste textiles and to reduce the final disposal waste volumes, moreover to enjoy our sustainable life in future, we would like to propose a "Colour Recycle System" in which the waste textiles are grouped by colour and recycled.
Previous researches [1, 2] have been undertaken for colour scheme of coloured paper. In the research, the colour scheme of two coloured paper which have the smaller difference of hue value each other were in harmony, on the other hand, two coloured paper which have the big difference of hue value each other lacked harmony [1] . The colour scheme of 5.5-15.0 of the difference of hue value had most harmonic state and had high favorable rating [2] . However the research for waste textiles have not examined until now.
The purpose of this study is to develop a recycling system based on colour for waste textiles. In this study, we prepared mixed coloured specimens of shoddy, and examined them by sensory evaluation and by colorimetry to consider valid colour combination for recycling waste textiles when they were separated according to colour discrimination.
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2. "Colour Recycle System" "Colour Recycle System" consists of an additional loop which interacts with the conventional textile recycling system as shown in Fig. 1 . Whereby, waste textiles are grouped in colours and recycled. The Colour Recycle System has many possibilities. For example, waste textiles may be grouped according to similar basic hues, by the pastel colours of children's clothing, or alternatively according to natural colours as shown in Fig. 2 . Using this system, the waste textiles may be converted from the shoddy into felt or yarn, or ground into pigments. Fig. 3 is an illustration of a process to create new products. Created products by this system will be able to recycled again and circulated through the system.
Specimen & Experiment

Materials
Cotton material comprises half of the total amount of waste textiles. For this reason, cotton was employed as the subject materials for this study. The waste cotton thread employed in the study was produced in the yarn dyeing (primarily cotton) area (Nishiwaki-city Japan). Colours similar to the principal hues of the Munsell Color System [3] were used as the fundamental colour of specimens. The Munsell principle blue is greenish-blue [4, 5] .
Therefore the colour that Japanese feel blue itself was added as B-2 : R (red), Y (yellow), G (green), B-1 (blue), B-2 (blue), P (purple), W(white), and Bk(black) (see Fig. 4 ). Fig. 5 shows the process to make 45 specimens. Fig. 6 illustrates the gradual mixing of the two coloured.
Each specimen weighing 0.5 g was then displayed on the grey sheets of middle value of lightness (Munsell value : 6Y 6.5/0.28) as shown in Fig. 7 . Specimens were arranged in a random sequence in preparation for the sensory evaluation test. Prepared specimens were then examined by sensory evaluation and by colorimetry using a colorimeter.
Sensory Evaluation
The sensory evaluation test was carried out according to "likes" or "dislikes" of the test subjects for the 45 specimens. Three sheets of specimens were arranged in a random sequence in preparation for the sensory evaluation test. The test subjects were made up of 116 university students (74 female, 42 male). The favorable rating (Fr : ratio of people who answered "likes") was examined for each of the specimens. The test was composed of two different evaluations : the first was to appraise the specimen without preconceptions, the second was to appraise with the preconception that the specimens were made from recycled materials. The purpose of this sensory evaluation is to examine the varying colour combinations to determine the favourable rating by test subjects, also compare the result of examinations in case of appraise without preconceptions and with the preconception that the specimens were made from recycled materials.
Colorimetry
For the colorimetry test, the Munsell value of each specimen was measured using a colorimeter (KONICA MINOLTA CM2600d) to examine the relation between the Munsell value and the favourable rating.
Result and Discussion
The Fr values determined from the study for the mixed colour The Fr values based on the appraisal by the test subjects with the preconception that the specimens were recycled material are illustrated in Fig. 9 . It is noted here that the graph shown in this figure is similar to Fig. 8 .
The Fr values with and without the test subjects' preconceptions were calculated by adding the results obtained from the female and male subject as shown in Fig. 10. According to Fig. 10, This finding indicates that there is a tendency for contrasting hues and grey to be disliked as recycled materials. Table. 2 places it in a defined position on the Munsell colour circle, with each interior angle calculated as shown in Fig. 13 . We can see that an interior angle within 85°is a key feature of a high favorable rating, as shown in Fig. 15 . 
Conclusions
The "Colour Recycle System" investigated in this study proposes the grouping of waste textiles according to colours, where the varying colour combinations were examined to determine the favourable rating by test subjects.
As a result of this study, we were able to determine the colour mixtures that have high and low favorable ratings.
The findings illustrate that an interior angle within 85°is a key feature of a high favorable rating. It is therefore possible to produce products that have a high favorable rating by mixing colours of waste textiles that are positioned within 85°on the Munsell color circle.
However the test subjects' sensitivity to the colour mixtures will be different according to different generations and countries, origin, or other factors. The findings of this study can therefore be interpreted as an illustration of colour preferences.
The "Colour Recycle System" has many possibilities. In the current study, only the shoddy of recycling materials was examined. However, further research into the potential applications of the "Colour Recycle System" can be developed to assist in achieving a sustainable life.
